and 01/Nov/2011. Data collection for each patient occurred over a 12-month follow-up period.
Subjects
All those patients in Newfoundland and Labrador with clinically-diagnosed multiple sclerosis (of any type) using the revised McDonald criteria 2, 3 who had expressed their intention of submitting to the 'liberation procedure' for CCSVI were eligible for the study.
Patients with MS (of any type) who were attending the Memorial University MS Clinic or other MS Clinics in the Province of Newfoundland and Labrador and who had expressed their intention of not submitting to the liberation procedure were also eligible for the study. All subjects were identified by the MS Clinic staff consecutively (and thus randomly). They were invited to enroll in the study after full disclosure of its nature, extent, risks and benefits. Those not intending to have venoplasty were recruited solely in order to blind the evaluating neurologist as to the treatment status of subjects in the study when assigning a Kurtzke Expanded Disability Status Scale (EDSS) 4 score; they did not constitute a comparator group.
Consent
All subjects consented to undergo the additional testing required prior to and following their exposure to venoplasty or (in the case of the blinding volunteers) before and after an assigned date.
Evaluation of Variables

A. Pre-procedure assessment
The previous history and physical examination results of all patients eligible either as subjects or controls were on file in the MS Clinics. Their medical care during the study was provided by the treating neurologists who, after taking a history and performing a clinical examination, recorded their clinical findings and the number of clinical relapses experienced by the subjects.
Prior to the patients undergoing venoplasty, after clinical examination, the evaluating neurologist (WP-P) completed the EDSS. The same occurred in the cases of the control subjects before an assigned date. All subjects had been coached not to disclose whether or not they were planning to or had undergone venoplasty to the evaluating neurologist, who therefore remained blinded as to the treatment status of the forty subjects enrolled. In order to assess the patients' cognitive status for precise EDSS scoring, the revised Addenbrooke's Cognitive Evaluation (ACE-R) 5 was administered.
The following tests were also used in order to measure patient outcomes in the 30 subjects who underwent venoplasty, but not in the control subjects.
Multiple Sclerosis Impact Scale (MSIS-29):
This reliable, psychometrically-validated, patient-reported measure of the effects of MS on activities of daily living 6 was completed independently by the subjects with their caregivers. A higher score denotes a worse outcome or situation.
Functional MS Composite (MSFC):
This battery 7 , comprising three timed tests of neurologic function (namely a 25-foot walk, the nine-hole peg test, and a 3-sec version of the PASAT (Paced Auditory Serial Addition Test) was administered by the MS Research Nurse-Coordinator who was already trained and certified for this function. Higher scores on the time to walk 25' and on the 9-hole peg test denote a worse outcome or situation; higher scores on the PASAT indicate a better outcome or situation.
Magnetic resonance imaging (MRI) examinations were performed within a month before subjects had undergone venoplasty. The MRI examinations were not performed on the blinding control subjects. The scans were done on a single machine at the Health Sciences Centre, St. John's, throughout the study and reported independently at another centre.
B. Post-procedure assessments
These occurred at 1, 3, 6 and 12 months (all within a twoweek time-window) after a specified date -either that on which the subject submitted to venoplasty or (in the case of control subjects) an assigned date arbitrarily chosen. The treating neurologists evaluated and managed the patients and blinding volunteers according to their clinical judgment. The evaluating neurologist examined the treated patients and control subjects in order to complete and score the EDSS, and administered the ACE-R, remaining blinded as to whether the subject had or had not undergone venoplasty. At each follow-up visit, the subjects with their caregivers completed the MSIS-29 and the MS Research Nurse scored the MSFC.
The MRI examinations were performed 3 and 12 months after the 30 subjects had undergone venoplasty.
Computed tomogram (CT) venograms were performed on all but one of the 30 subjects 12 months after they had undergone venoplasty, in order to determine the state of the venous drainage system of the brain after its performance.
Statistical Methods
To test the significance of any changes in scores between time points, a general linear model was used. Time was modelled as a within-subjects factor. The overall time trend was first assessed using an F-test and a sphericity assumption if Mauchly's test was non-significant. In cases where Mauchly's test of sphericity was significant, the Huynh-Feldt adjustment was applied to determine significance of change between time points. Significance for the F-test was declared at <0.05. If the F-test suggested some significant difference between scores across measurement times, a repeated contrast was used to assess significance between each pair of adjacent time points (e.g. Baseline vs. one month, one month vs. three months, etc.)
RESULTS
Types of MS
Ten venoplasty subjects had relapsing remitting MS, 17 had secondary progressive MS, and 3 subjects had primary progressive MS. (Table 1 )
Subjective Test Scores, Venoplasty Subjects
On the MSIS-29, (Tables 2 and 4, Figure 1 ), there was an initial significant reduction in scores (indicating a better perception of the state of the person's health and well-being), but THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES thereafter patient-reported scores increased. The initial improvement was on average 26% below baseline, (p=0.001) but by one year the remaining improvement had declined to 15% below baseline (p=0.01). When the scores in the groups with relapsing-remitting, secondary progressive or primary progressive MS were compared, no significant deviations were recordable. (Table 4 )
Patients' Final Assessment of the Value of the Procedure
On an informal debriefing questionnaire, five patients claimed to be 'much' and eight claimed to be 'somewhat' better at 12 months. Specific improvements reported include warmer hands or feet, increased energy and better balance. Eleven said they improved initially but were now the same or worse. The remainder said that they were the same or worse as before the Table 3 : Means of the EDSS and ACE-R scores assigned by the evaluating neurologist for the 10 blinding controls * All pairwise comparisons of the ACE-R scores between adjacent time points were non-significant other than baseline is significantly different from each other measure. ¶ There was a significant drop in the MSIS scores from baseline to one month, but thereafter each pair of adjacent points were non-significantly different. procedure. Thus about half of the subjects said that they were the same or worse. Eighteen of 28 reported that they were disappointed in the results obtained from venoplasty. When asked had their feelings about making the procedure available in Canada, 19 felt that everyone with MS should have it and eight said that MS patients should wait until the procedure is available in Canada or until research is complete. (Tables 2, 4 and 5; Figure 1 ) showed no significant differences between the values for these three objective indices at baseline and at one year in patients who underwent venoplasty with or without demonstrated cervical vein occlusion at one year.
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Objective Test Scores
Scores on the MS Functional Composite
2. The EDSS scores assigned by the blinded evaluating neurologist (Tables 2, and 3, Figure 1 ) showed no significant differences at any time points during the study year on any values, either for controls or for venoplasty subjects with or without subsequently-demonstrated cervical venous occlusion.
3. CT Venography results at one year in 29 of the subjects who had undergone venoplasty showed that these were normal in 22 cases. In the remaining seven, internal jugular vein (IJV) THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES
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• Summarized as median and interquartile range (25th to 75th percentile); ¶ Two of three scored 300 throughout; the third persons score ranged between 22 and 23.9 throughout.
Scale
MS Subtype
Baseline Mean (SD) occlusions (in one case bilaterally) or >50% stenosis were seen. The case group was further divided between the seven who had venous occlusion/stenosis shown by CT venography at 12 months after venoplasty and the 22 who had no such injury. These two groups of cases are compared in terms of the main assessment measures over time in Table 5 . No significant differences between the EDSS, MSIS-29 or MSFC scores were seen at any time points between the two groups.
MRI results
All venoplasty patients underwent MRI examinations at baseline, 3 and 12 months except for two who lacked either a baseline or a 12-month scan respectively. Table 6 summarizes the MRI data. No significant alterations in the MRI indices (Gadolinium (Gd) Enhancing Lesion Count, T2 Lesion Volumes, T1 Lesion Volumes, New Larger T2 Lesion Count) were found.
DISCUSSION
The theory that increased intracranial venous pressure plays a role in the genesis of MS may have face validity but treatments based upon this theory have not yet been subjected to blinded, randomized, controlled clinical trials. Despite this, there has been vociferous demand in Canada that the procedure should be made available as if it had proven worth, based upon anecdotal evidence of individual improvements in some of those who had submitted to the procedure in other countries. Provincial Departments of Health have thus been pressured by the opinion of an important segment of the public, reinforced by media comment, to fund venoplasty as a treatment for MS despite the lack of experimental trial evidence such as is required, for example, for pharmacological treatments.
In this real-world study of a consecutively-recruited series of 30 subjects with various forms of MS who underwent venoplasty, the evaluating neurologist remained blinded as to the treatment status of the subjects in all but one instance, when one venoplasty subject was involuntarily unblinded to him at six months.
Among the subjects who underwent the procedure, significant differences between their status at the start of the study and at its conclusion were not found on such objective tests as the timed tests in the MSFC and the MRI scan results, but were only found on a subjective measure, the MSIS-29. The scores on that questionnaire showed significant improvement at one and three months, with a gradual return towards the original scores at one year so that subjectively, the patients' mean rating of their improvement amounted to about 15%. Although at the end of the study, in an informal question-and-answer session, some patients did report improvements in their perceived state such as warmer extremities, more energy, better balance and improvements in specific areas of their activities of daily living, such reports were seldom confirmed by clinical observation or objective testing.
These subjective scores contrast with the next two classes of observation. The semi-objective, highly systematized examination required for completion of the EDSS, performed here by a neurologist experienced in this assessment and blinded as to the status of the subjects he examined as regards venoplasty, yielded results indicating neither improvement nor worsening in their neurological status, whether or not they had undergone venoplasty and whether or not, after that procedure, CT venography had shown >50% stenosis or actual thrombotic occlusion of their cervical veins.
The remaining methods of assessment employed were entirely objective. The MSFC timed tests of manual function, of ambulation and of cognitive function (targeting working memory) in the subjects who had undergone venoplasty all showed are that one year after the baseline assessments, there were neither significant improvements nor deterioration in their status. Magnetic resonance imaging scans done at baseline and repeated at 3 and at 12 months showed no significant changes in T1 or T2 lesion volume, no increase in gadolinium lesion counts and no change in the number of new larger T2 lesions at 3 or 12 months.
Before venoplasty was attempted, all subjects received Doppler ultrasound venography in their treating centre abroad.
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In retrospect, it appears that the seven subjects with venous occlusions at one year were slightly less impaired on the EDSS and MSFC, yet rated their own perception of health status as worse on the MSIS-29. The small numbers preclude estimations of significance. We think it safe to assume that, had any subject been shown to have had complete occlusion of a cervical vein at that time, venoplasty would not have been performed. Therefore, the subsequent demonstration of cervical venous occlusions in seven cases must be considered to represent new events, presumably related to the performance of the procedure. The reason for the subjects' early perception of improvement is difficult to ascertain. Some reported that they had been given an intravenous injection that made them feel exactly the same as they had felt when, after previous relapses, they had received intravenous steroid therapy. However, information as to the nature of the substance injected, and the number of subjects so treated abroad, is not available to us. Also, almost all subjects were strongly advised to undertake a course of physiotherapy upon their return from foreign treatment centers and most did so.
These two confounders, coupled with a possible 'regression to the mean', might explain such highly significant subjective assessments of improved status in the first three months after the procedure, although not necessarily the (less significant) improvement rated at 12 months. While some might regard any THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES such change as evidence of a "placebo effect", the nature and impact of such a phenomenon is not known to us, precluding further discussion. The theory underlying the hypothesis that impaired venous drainage is a factor in the pathogenesis of multiple sclerosis has been strongly criticized, most recently by reviews from Italy 8.9 which cited the failure of other investigators to reproduce the results originally reported by Zamboni 1 , the lack of evidence from other sources that experimental or clinical occlusion of the cervical veins leads to clinical or pathological evidence of multiple sclerosis, the lack of evidence that iron deposition in the brain produces such effects, the variable methodologies used to document impairments in cerebral venous drainage (none supporting Zamboni's 1 original results) and contradictory data concerning perfusion studies.
When this study was designed, expert opinion in Canada was that more evidence was required before venoplasty could approved; therefore a randomized controlled clinical trial (RCT) could not be mounted. An observational study appeared to be the next best option. Such a study design may be considered to be less authoritative than an RCT, even though the results are likely to be the same results. [10] [11] [12] However, our work documents a 'real world' scenario which, in the context of Canada, reflects the fact that people with MS are still searching for a cure by submitting to this procedure abroad, on the basis of one highly publicized study from a single center, with anecdotal risks both of death and benefit, and with evidence of potential danger in the subsequent occlusion of the cervical veins, as occurred in about 25% of the subjects enrolled in our study.
Potential sources of bias or imprecision limiting the generalizability of our results include the fact that this was an observational study of only 30 patients, although it has been documented that results of this research design are usually congruent with those of randomized controlled trials. 10 Matching of the subjects and controls was not attempted because a realworld situation was being studied and because the only rationale for a 'control' group was to ensure that the evaluating neurologist was blinded as to the treatment status of the subject whom he was assessing in order to score the EDSS. The larger proportion of patients with secondary progressive MS in the treated group compared with the controls indicates a greater perception of the need for treatment among the more severely-affected patients. Finally, the procedures performed on the subjects studied here were done in different clinics in different countries, using methods that were unstandardized and that were not reported to us.
A cautious overall interpretation of results must be that in the subjects with MS studied here, no measurable, objective benefit was obtained as a result of venoplasty over the course of one year. The generalizability (external validity) of our study results is impossible to ascertain, but other clinical trials are likely to be mounted in Canada, if ethical approval is obtained.
FUNDING
The Government of Newfoundland and Labrador (Hon. Jerome Kennedy QC, Minister of Health) commissioned and financed the study without influencing the investigators as to its nature or scope and without imposing any requirements as to the publication of results.
